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Cross scchn and background estimates are presented far the 
production of single charged and neulr.4 lliggs barons which decay 
into pnim of heavy quarks. In addition. pair production of Higgs 
seillars inq~eoifisiansiseslimated. 

Sinele Produckm ofStandard Hizs Dosons 

In 5IV.D al EHLQf we have given estimates of the cross 
sectiom for production and decay of Ihe neutral Higgs boian of the 
Weinberg-Salammdel for assumed valuesofrbetopquark marrof30 
and 70 CeVlc2. The lop mass enters both in the estimate of the 
production rate by gluon fusion via a quark loop and in the 
computation afthe ti branching fraction. as uell as in the eraluation 
of Ihe QCD ha&ground of gg - tr Suggestions2 that the top quark 
rna~s may lie around 45 GeVlc2. make it intererting to repeat our 
analysis for this mass. 

Using the expressions for Higgs production given in 14.88) - 
(4.95) of EHLQ and the dewy rates given there in (4.81) - (1.83). we 
compute the cross section for the reaction 

iv-- Hc;yw 

(0 

with mt = 45 GeVle2. at e.m. energies of 2. IO, 20. 40. 70. and LOO 
TeV. The results are shown in Fig 1. where the rapiditiee of both L 
andi are restricted to IyI < 1.5. For comparison re show in Fig. 2 the 
corresponding results for rnt = DO CeYlc2. as given in Fig 4-51 of 
EHLQ. Wdh the larger top-quark mus. the HO + tigield is increased 
by about a factor of two for >,H - 100 CeWc2. and by about nn order 
of magnitude, for -\lH - 400 CeVic2, 

The expected cross sections are substantial. but the anticipated 
backgrounds are significantly larger, The twoiet background. arising 
from the reaction 

pp-+jell +jet~ + anything, (21 

i4shown m Figs. 3121 - 3.23 of EHLQ. It mcceedn the Ho - tT signal 
by many orders of magnitude. If the t-quarks can be identified. the 
signal-to-bxkgruund is improved - but stiil discouraginq~ We show 
in Pig 3 the CTUSJ section for tipraduEtian sd Ihe pracesr 

with mt = 45 CeVlc2. [The corresponding background for 30 C&c2 
top quarks is girm in Fig. 1.52 of EHLQ~I Even this restricted 
background is far larger than the iigna,. 
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Fig. L Cros. rerlion for the reaction pp -a (H -+ til + anything na 
P function of )Itl with rnt = 45 CeVlc2, according to the 
parton distributions of Set 2 at & = 2, LO. 20. 40. 70. and 
IOOTeV. ThetandTmustsatisfy lyd C 1.5. 

We conclude thal (with three quark genrrationsl the 
o+rvatian ofa Hi!&? boson with 5fH < 2 l&y in the decay 

Ha-ti, 14) 

will be problematical in pfp mllisiono. wilh mt = 45 GeVlc2. just os 
with rnt = 30 CeV/c2. 
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Fig. 2 Cross section for the reaction pp - (H - ii, + anything as 

n function of >I” with mt = 30 CeVlc2. according to the 
porton distributions of Set 2 at fi= 2. IO. 20. 40. 70. end 
IOOTeV. The tandTmue.tsatisfyiytl < 1.5. 1 .<-.. 1.. 1 .,y,,:;- . . .._ ,0(-J 
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Fig. 3 ears spectrum of t? paira produced in proton-proton 
coliisione. according to the parton distributions of Se1 2. 
,,,ith mt = 45 CeVic2. The rapidity of each produced quark 
isconstr~inedto iatisfy]yt) < 1.5. 

Sinde Prod”ctio”ofCaa,red ilienS Barons 

.Models with a richer Higgs structure thnn the minimal 
Weinberg-Salam model will contain charged DL well a% neutral Nigga 
scalars.3 Although couplings of Higgs hxons to fermions ore model 
dependent inLuch cases. it is a reasonable guess that the Jtrength of 
the H l -. UD transition is proportional to the mass of the heaauier 
quark. In this situation, the cross section for the production of o 
charged Higgr boson in the reaction 

may beromputedfrorom1~.86)and1~,97)ofEHLQ. with *i = mt. 

In the EHLQ str,,cturc functions. the t and b quarks arise only 
from perturbatire evolution.4 As a consequence, the resulting cross 
seetiono are sensitive to the Bswmed quark manses. and to the choice 
of the scale parameter 62. The EHLQ structure functions were 
evolved wing mt = 30 CeVIc2. Sear the threshold. these will 
somewhat overestimate the top content of a proton, should the top 
masg be 45 GtV@ In our estimafes. we have chosen the %ofe 82 at 
whichthe parton distributions are evaluated to be s. A smaller choice 
would also tend to reduce the predicted signal. Where the top quark 
mass appars explicitly. WC hare taken mt = 45 CeV/c2. 

We show in Fig. 4 the cross sections estimated for the reactions 
loummedl 

pp+ H++al,-thing 

pp + H-+a;ything 

sbt 

at e.m. cnergfes 012, to. 20, J-, 70, and 100 TeV. We have included 
contributions from cP and tb initial states. In a model with an 
arbitrary number <alI of Higgs doublets the charged Higgs will 
decouple from Wg. We ignore here the poosihility of the decay 
Ht - WWO. The expected cross section et 40 TeV is abat 20 pb for a 
100 f&V/c2 charged Higgs boson. If the decay products cannot he 
identitied as heavy quarks. the large QCD background shorn in Figs. 
3.21-3-23ofEHLQ renders hopeless thedetectionofocharged Higggr 
signul. If. however, both t and h an be rugged. the prospects arc 
enormuus~ improved. and the situation is far more promising than 
for Ho* Lt. 

In this awe the background is represented by the mars 
spectrum of heavy quark pairs produced in the reaction 

pp-ttbor%oribor $1 + anything , (7, 

which proceeds by the one-gluon-exchange scattering ofheavy quarks 
from the sea. The b&ground computed with Q2 = pt2 is shown in 
Fig. 5. With our estimate of the b and t c?ntent of the proton. it 
presentsno impediment to the detection of H.t. 

We shall not d&w the dir&very reach for charged Higgi 
bosons because it is so critically dependent on the efficient 
identification of t- and b-quarks. However, it is important to 
erophPsize the model depndeoce of our rate.estimates. which derives 

ID 

(ii) 

<iii) 

D somewhat arbitrary choice of the Ht~coupling: 

the uncertain maw ofthe t-quark. and ita effect on the tx 
lumioorityatfixrd $2: 

thechoicedaQ2 scale atwhichto evaluatethe parton 
distributions. 
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Fig. 5 hss ;pwrum oftb plus?6 plusib plus 16 pairsprcduccd in 
proton-proton eollixion5. accordins to Lbe pnrro” 
distributions ofSet 2. The rapidity of each produced quark 
is constrained to ratisfy IyI < I .5. 

‘fhe first of theie ,,T~Y,s qn,? the ii:nal. whereas the second and third 
should bore simi,.lr ~il,x,5 on both $$“a, and backgrounds Rwuhly 
speaking, we eypert the uncertainties due to the porton didriburiona 
to be at the f,,ctor~of two level. rather the” the order.of.olae”ilude 
level. [t is praboble that our estimates for this cue teed toward 
optimism 

Paic Produe~ionoftli~zsRosonr 

Riggs bosom can ak,o be produced in pairs via qq nnnihilatio” 
through an intermediate W. Z or photo”. The coupling of a gauge 
boson to H iHj may be written As3 

(V(q) + Hi(p) + Hjtk,) s ie Aij Efql.lp - kl . @I 

where E ip the polarira~io” vector of the gauge boso”. For any model 
withwoor more Higgs doublets 

For charged Higgr pairs A+-Y=l 

Ah-2 = cot2aw 

For neutral tliggepairs Aij’ = RijZlrin 28~ 

and for chargedineutral pairs A .‘” = R+$2 si” 6~ +, 

The quantities R ore dependent upon mixing angles (ratios of vacuum 
expectation YPIUCSI between Hisgs multiplets. Sotiee that RiiZ = 0 
for all i. The cross-seclionr are trivial modificalions of the Drell-Ya” 
formula used in Sec. 5 of EHLQl to predict rates for lepto” pairs and 
will not be given here. For the purposes of the ertimales give” WOW 
we have chose” Rii% = 0 and a,, other R’s equal to one. For any 
model Lhe rates co” be obtained trivially from these results. i?gs. 6-8 
show the rates for pp e H 2 HO, X’H- and Hotlo’ 8s functions oi the 
Higp mass (assumed equal) for ret 2 of distribution functions 1 The 
rates are quite small. For eromple the rate of H’H- pairs is 
considerably less than that of single H l or )I- (eee Fig 1). Eve” 
given the large uncertainties in Lhe latter estimate it appears that 
ringle produerion is more lavorable. 

An alternative iouree of lliggo pairs is via two gluon 
annihilation into H+HT YIP a heavy quark Iwp. A” estimate of the 
cross sections yield-; 

22 2 %%m % 4 
” ‘si’ ( $ T 

log [s/m;1 (9) 
Sl” tlw 

where the H’& coupling was take” LO be gw(m~?Mwv) as before. 
With ml = 45 CeV this is smaller than the Drell-Yoncrosr section by 
a factor oforder 101. This factor cannel be compensati by the larger 
gluon-&on luminosity (see Sec. 2 of Ref. L). Consequently the rate 
from thir mechanism is not expected to be importi”!. 

The background is more diRicull to estitiate in the case ofpair 

production. The final state consists of four heavy quarks, and the 
background from QC D Qd"Cti"" of two heavy flavor pairs. 
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Fig. 6 Cross section for the production of H’ k” rod H-H” 
lwmmedl in pp collisions as a function of the moss of the 
HiggsIH*and tlonssumedde~enerotel. Roth Il*.H” mua 
wirfyl~ < 1.5. 
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Fig. 8 Cross section for the production of Hotlo’ pairs in QQ 

collisions as a function of the Ho maes IH”’ mess assumed 
equal,. Both I,” and Ho’ must s~tief>~yI < 1.5. 
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Fig. 7 Cross section for the production of H*H- pairs in pp 
collisions a~ a function of the mass of H l Both H ’ and H - 
“lust satisfy lyl ‘z 1.5 


